Yam bean (Pachyrhizus erosus (L.) Urb.) tuber has a low carbohydrate content and contains several aminoacids, but contains few active compounds, such as vitamins and antioxidants. Anthocyanins are antioxidants found in Rubus fructicosus L. The osmotic drying is a technique that can be used to impregnate antioxidants in a matrix, so the objective of this study was to impregnate yam bean tuber slices with anthocyanin. The effect of temperature (40, 50 and 60 
Introduction
Yam bean (Pachyrhizus erosus (L.) Urb.) is a tuber with a high water content, large amounts of carbohydrates, crude fibers and proteins and a negligibly lipid content. The total caloric value of yam bean tubers is 39 kcal/100 g (Noman et al., 2007) , so they could be used in diets that require a low amount of calories. Yam bean tubers can be used also as a solid matrix to impregnate them with nutritious components. On Chiapas (Mexico), an endemic blackberry fruit (Rubus fructicosus sp. L.) is rich in anthocyanins. Anthocyanins are pigments that give many fruits and flowers their blue or red color (Markides, 1982) . Berries play an important role in human nutrition as they contain bioactive compounds, such as anthocyanins and phenolic acids (Manganaris et al., 2014) . Some of these compounds have antioxidant properties (Wang & Lin, 2000; Wu et al., 2002) with a large nutritional value (Zhang et al., 2004) . For instance, cyanidin-3-glucoside, an anthocyanin found in blackberries (Elisia et al., 2007) , has the highest reported antioxidant capacity of all investigated anthocyanins (Wang et al., 1997) . Yam bean tuber could be impregnated with juice of R. fructicosus sp. thereby increasing its nutritional value (Shi & Le Maguer, 2002) .
Osmotic dehydration processes have been used to impregnate fruit matrixes with different components while at the same time decreasing their moisture (Jiménez-Hernández et al., 2017; Kowalska et al., 2017) . Several studies have shown that temperature, sucrose concentration of the osmotic solution (Zapata et al., 2016) , slice thickness (Abud-Archila et al., 2008) , the ratio of fruit mass versus the osmotic solution volume (Campos et al., 2012) , processing time (Germer et al., 2010) and vacuum pulse (Zapata et al., 2016; Gomes-Corrêa et al., 2016; Şahin & Öztürk, 2016) all have a significant effect on the osmotic dehydration process.
A vacuum pulse applied in the osmotic dehydration process is an important factor to improve the mass transfer between the fruit and the osmotic solution (Zapata et al., 2016; Gomes-Corrêa et al., 2016; Şahin & Öztürk, 2016) . Several studies have been shown that water loss (WL) increased when a vacuum pulse was applied. When a vacuum pulse was applied for 5 to 10 min, the mass transfer rate increased (Zapata et al., 2016; Gomes-Corrêa et al., 2010) . Teles et al. (2006) showed that sucrose concentration had a significant effect on mass transfer during osmotic dehydration of melon. An increase in sucrose content of the osmotic solution increased the mass transfer coefficient as the osmotic pressure gradient increased. Zapata et al. (2016) Brix, applying a vacuum pulse of 12 mbar maximized anthocyanin impregnation (6.67 mg anthocyanin per g initial dry matter) in tuber slices. The Page equation predicted optimum WL, SG and ΔA of yam bean tuber slices during osmotic drying. No relation was found between temperature, sucrose content and vacuum pulse with K and n parameters in the Page equation.
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Practical Applications: Anthocyanins impregnation of yam bean tuber slices by osmotic dehydration using blackberries juice resulted in a healthier product. Not many studies have been reported that impregnated tubers or fruits with compounds of other fruits. Santacruz-Vazquez et al. (2008) impregnated β-carotenes in apple slices by osmotic drying and pulsed vacuum osmotic drying. They showed that significant shorter processing times were required with pulsed vacuum osmotic drying compared to osmotic drying and maximum of 6.0 mg β-carotene g -1 was obtained. Rózek et al. (2009) found that the total phenolic content of osmo-treated food was similar or even higher than that of the richest fruits and vegetables. Rózek et al. (2010) impregnated grape phenolic compounds into apple, banana and potato, and in a model food made of agar gel. They found that the grape phenolic impregnation was controlled by structure and the concentration of the osmo-active solution.
As yam bean has a low nutritional value and the endemic blackberry is consumed only sporadically, yam bean could be impregnated with anthocyanin of the endemic blackberry juice to increase it nutritional value. Therefore, the objective of this work was to determine the effect of temperature, sucrose content and vacuum pulse on WL, SG, color changes (ΔE) and anthocyanin content (ΔA) of yam bean slices during osmotic drying using juice of R. fructicosus in the osmotic solution.
Materials and methods

Raw materials and osmotic solution
Yam bean tubers and R. fructicosus fruits were obtained from a local supermarket. The tubers were hand washed, peeled and rectangular parallelepipeds (23 mm long, 23 mm wide and 5 mm thick) were prepared. Mature R. fructicosus fruits (approximately 3 o Brix) without physical damage, were selected, washed and kept at 4 °C until used. The thawed fruits were grounded and filtered to obtain their juice. An osmotic solution was prepared by mixing the juice of R. fructicosus with distilled water using a 1:1.5 (juice:water) volume:volume ratio and sucrose. The sucrose concentration was adjusted with commercial sucrose depending on the treatment applied (Table 1) .
Treatments and experimental design
Approximately 100 g yam bean parallelepipeds slices were submerged in 1000 g osmotic solution in a 3 L Erlenmeyer flask fitted with a stopper containing a vacuum tube. The osmotic solution was agitated with a magnetic stirrer during the osmotic drying process. The fruit:osmotic solution ratio was 1:10 (w:w) to avoid dilution of osmotic solution (Antonio et al., 2008) . A vacuum pulse (VP) was applied first for 10 min of osmotic drying and atmospheric pressure was re-established thereafter as described by Mujica-Paz et al. (2003a) . Tuber slices were sampled at 0, 10, 60, 120, 180, 240, 300 and 360 min, washed with distilled water to eliminate the superficial sucrose and then cleaned with absorbent paper. The tuber slices were weighted on analytical balance (OHAUS CORPORATOON, New Jersey, USA) (sensitivity of 0.0001 g) and the moisture content determined in a vacuum oven at 60°C until constant weight (Germer et al., 2010) .
The WL and SG were calculated using equations 1 and 2:
with W o the weight of the tuber slice (g), the X o moisture content (g g -1
) and DM o the dry matter fraction (g g -1
) at the beginning of osmotic drying, and W t , X t and DM t during osmotic dehydration.
A yam bean tuber slice was selected to monitor color changes (ΔE). The color of yam bean tuber was measured with a Color Tec (Colour-Tec-PCM, Riga, Latvia) colorimeter supplied with an optical sensor of 8 mm using COE-Lab system. Color changes (ΔE) were calculated using equation 3:
where L*, a* and b* the Hunter parameters of the fresh yam bean tuber and L t , a t and b t during osmotic dehydration. ΔL and Δa values were calculated using equations 4 and 5: 
A 0.5 g sub-sample of an impregnated yam bean was macerated with 50 mL methanol-HCl 1% for 30 min. The macerated yam bean was stored at -20°C for 20 h, centrifuged at 1509 (x g) for 10 min (centrifuge 5810-R, Hamburg, Germany) and the anthocyanin concentration measured in the supernatant at 510 nm using a Cole Parmer UV-2100 Spectrophotometer (Cole Parmer Onstruments Company, Ollinois, USA). Anthocyanins (ΔA) were quantified using equation 6:
with: A the absorbance (510 nm), MW the molecular weight (449 g mol -1 ), DF dilution factor, v the volume of extracting solution, m the dry matter of the sample in time t and ε the molar absorption coefficient (26900 L cm -1 mol -1 ). The molecular weight used (449 g mol -1 ) was that of cyanidin-3-glucoside, i.e. the main anthocyanin found in R. fructicosus (Elisia et al., 2007) .
Experimental method and statistical analysis
The response surface methodology was used to determine the effect of temperature (T), i.e. 40, 50 or 60°C, sucrose content (SC), i.e. 40, 50 or 60°Brix, and with/without vacuum pulse, i.e. 0, 300 and 600 mbar on WL, SG, ΔE and ΔA of yam bean tuber slices during osmotic drying. A Box-Behnken experimental design with three blocks and three replicates of the central point treatment was applied ( 
where β i were the coefficients to identify, VP the vacuum pulse (mbar), SC the sucrose content ( o Brix) and T (°C) the temperature of the osmotic solution. The R 2 were calculated for each equation.
The WL, SG and ΔΑ during osmotic drying were also fitted with Page's model (equation 8), which is a simplification of the Fick's equation (Chambi et al., 2016) :
where X(t) was the WL, SG or ΔA of yam bean tuber slices during time of osmotic drying, Xo the initial value, Xeq the equilibrium value, K and n Page's parameters for WL, SG or ΔA, t the time in h. The R 2 were calculated for each osmotic drying kinetics. Constant K and n were determined by non-linear estimation using the Statgraphics Centurion XV (StatPoint Technologies, Onc., Virginia, USA).
Result and discussions
The osmotic drying of the yam bean resulted in a water loss varied between 1.60 and 3.38 g g -1 , while SG between 0.27 and 0.87 g g -1 after 10 min (Table 1) . After 360 min, WL varied between 4.10 and 7.66 g g -1 and SG between 0.85 and 1.86 mg g -1 . The largest WL was found in treatment 9 and the lowest in treatment 3, while similar results were obtained for SG after 10 min. After 360 min, the largest WL was found in treatment 9 and the lowest in treatment 3, while the largest SG was found in treatment 9 and the lowest in treatment 7.
The WL and SG increased with immersion time, but WL was higher generally than SG. Similar results were found with apples (Santacruz-Vazquez et al., 2008) and melons (Teles et al., 2006) . The WL increased with sucrose concentration (Figure 1(a) ), but WL was higher when a VP of 600 mbar was applied (Figure 1(b) ). When a syrup with a high sugar concentration was used, the osmotic pressure gradient between the fruit and the solution increased also; thus increasing the driving force of mass transfer. These results were similar to those reported by Gomes-Corrêa et al. (2010) . They reported that when a higher concentration was used in the solution, an increase in WL of osmotically dehydrated guavas was found. When osmotic drying was applied at atmospheric pressure, the SG increased with sucrose content in the osmotic solution, but no significant differences were found when a VP was applied (Figure 1(a) ). This might be explained by a change in cell membrane permeability of the vegetable tissue that lead to a gradual increase in the absorption of the solids. However, these results contrast with other studies. For instance, Pereira et al. (2006) , Germer et al. (2010) and Gomes-Corrêa et al. (2010) found a negative effect when the solute concentration increased, i.e. the SG decreased when a higher sucrose concentration was used. They suggested that this could be explained by the formation of a superficial dense layer of solutes on the product acting as a barrier against penetration of the solutes into the food, which makes solutes mass transfer more difficult resulting in a lower solid uptake in yam bean tissue.
Analysis of variance showed that T, SC and VP had a significant effect on WL after 6 h of osmotic dehydration (P < 0.05) ( Table 2) . Similar results were obtained with mango (Madamba & Lopez 2002) and pineapple (Saputra, 2001 ). Permeability of the cellular membrane changed when the temperature increased allowing a better exchange of water, sucrose and anthocyanins in the yam bean slices. Moreover, when the temperature increased, the viscosity of the solution decreased so that the mass transfer rate could increase. Vacuum pulse had a significant effect on WL and SG after 6 h (P < 0.05).
Hydrodynamics at the beginning of the osmotic drying explain that the WL of yam bean slices increased with the application of a vacuum pulse. With the application of the vacuum pressure for 10 min, the gas occluded in the intercellular spaces of the vegetable tissues was removed and then, when the atmospheric pressure was restored, the pores of the food material were filled by the osmotic solution (Gomes-Corrêa et al., 2010) . Vacuum deformed the tissue structure facilitating the penetration of the osmotic solution while increasing the contact area for mass transfer (Mujica-Paz et al., 2003a) . The VP and SC had a significant effect on SG, but not T (P<0.05) ( Table 2) . Mujica-Paz et al. (2003b) reported that during osmotic dehydration at 25°C, the SG of melon and apple increased when the sucrose content of the solution increased. On general, the SG of yam bean slices osmotically dried when a VP was applied, was higher than samples osmotically dried at atmospheric pressure (without vacuum pulse). A vacuum pulse applied during the osmotic dehydration process promotes and facilitates impregnation (Chiralt & Talens, 2005) . The osmotic solution entered easily when a vacuum pulse was applied. Analysis of variance showed that sucrose content had a significant effect on the concentrations of impregnated anthocyanin and color changes at the end of osmotic dehydration process (P < 0.05) ( Table 2 ). After 10 min of osmotic drying, the amount of ΔA ranged from 0.69 to 1.45 mg g -1 and between 3.74 and 6.27 mg g -1
at the end of the process. After 10 min of osmotic drying, ΔE varied between 7.29 and 19.41 and at the end (6 h) between 38.79 and 48.07.
The ΔA in yam bean tuber slices increased when the SC decreased in the solution (Figure 2 ). When lower sucrose contents were used, the viscosity of osmotic solution containing anthocyanin probably decreased, facilitating the penetration of the osmotic solution into the matrix. At a constant 50°C and atmospheric pressure, the ΔA was higher than in yam bean slices osmotic dehydrated applying a VP of 600 mbar (Figure 2(a) and (b) ).
A vacuum pulse applied for the first 10 min of osmotic drying did not increase the ΔA during the subsequent osmotic drying process. Fito et al. (1996) found that a high vacuum pressure could irreversible deform tissue, reducing the open space available for impregnation. However, these results are different from those reported by others. For instance, Santacruz-Vazquez et al. (2008) impregnated apple slices with β-carotenes and found that a higher impregnation was obtained when a vacuum pulse of 130 mbar was applied. This could be due to differences in porosity between yam bean tuber and apple slices. The initial porosity of apple varies between 0.15 (Krokida & Maroulis, 1997) and 0.22 (Rahman et al., 2005) , while between 0.03 (Mavroudis et al., 1998) and 0.08 for potato (Krokida & Maroulis, 1997) . Abud Archila et al (2008) reported that initial porosity of yam bean was 0.07, for that we think that the vacuum pulse could to have similar effects on yam bean tuber slices. Of all variables studied, VP had no significant effect on ΔA, ΔE, ΔL and Δa after 6 hours, while sucrose content had a significant effect on ΔA, ΔE and ΔL, but not on Δa changes (P<0.05) ( Table 2 ). The ΔE of the yam bean tuber slices was detectable from the beginning of the osmotic dehydration and increased with immersion time until no further changes were found in the last 2 hours of the osmotic process. A darkening of the fresh yam occurred due mainly to changes in the colorimetric parameter L.
The change in ΔL and Δa increased with the time (Figure 3) . The increase in Δa might be due to the impregnation with anthocyanin. These changes occurred during the first 2 h (Figure 3) . The anthocyanins impregnated the yam bean slice surface quickly until surface saturation. Therefore changes in the ΔL and Δa Hunter parameters were not detected after 2 hours.
The R 2 values for the equations applied to WL, SG, ΔΑ and ΔΕ were 67.54%, 56.72%, 47.09% and 49.1%, respectively (Table 3) . These values were low and indicated that the polynomial model did not predict the response variables well. However, these equations could be used to analyze the tendency of WL, SG, ΔΑ and the ΔΕ of yam bean slices after 6 h of osmotic drying.
ΔΑ was higher at lower sucrose contents, but T had no significant effect on it (Figure 4(a) ). Significant effect of SC was (Table 4 ). The K parameters of WL ad SG were higher than those of anthocyanin impregnation, while n values for WL and SG were close to 1. All R 2 values were close to 98 (Table 4) . These K and n values are different from those reported by Park et al. (2002) for pear osmotic dehydration at different temperatures, different concentrations of sucrose and without the application of vacuum. They reported K values that ranged between 0.36 × 10 -3 to 10.66 × 10 -3 and n values that varied from 0.11 to 0.89, while Antonio et al. (2008) reported K and n values of 0.07 and 0.62 for WL and 0.02 and 0.73 for SG of sweet potato osmose-hydrated using a sucrose content of 50% w/w at 40°C. The K varied between 0.17 and 0.76 for anthocyanin impregnated, and n between 0.97 and 1.93. Kaushal & Sharma (2014) reported n values between 1.17 and 1.39 and K values between 0.29 and 0.35 10 -3 for osmo-convective dehydration kinetics of jackfruit. Darvishi et al (2014) found similar K values (ranging from 0.14 and 0.55) and n values (ranging between 1.38 and 1.82) for microwave drying of pepper. The K and n parameters showed no clear pattern when the temperature, sucrose content or vacuum pulse were altered (Table 4) . Similar results were obtained by Antonio et al. (2008) for osmotic dehydration of sweet potato using ternary solutions. They reported no trend when the solution concentration was increased at a constant temperature or when the temperature was increased with the same solution concentration. Simpson et al. (2017) reported the possible meaning of K and n in Page's equation. The K parameter could be related to the diffusion coefficient and the geometry of the sample and n to diffusion and food microstructure (n > 1 "super" diffusion and n < 1 "sub" diffusion). Then, for WL and SG values of n, a subdiffusion process could be observed, while a super-diffusion could be expected for anthocyanin impregnated.
Conclusion
The osmotic drying process allowed to impregnate yam bean tuber slices with anthocyanin from R. fructicosus juice. The response surface methodology allowed to obtain better conditions for impregnation by osmotic drying. An osmotic solution at 60°C with a sucrose content of 40 o Brix and applying a vacuum pulse of 12 mbar for 10 min at the beginning of osmotic drying maximized anthocyanin impregnation in yam bean tuber slices to 6.67 mg anthocyanin g -1 initial dry matter. Page´s equation fitted the experimental data better than other models applied. The results obtained in this study suggest that osmotic drying using sucrose -R. fructicosus juice as osmotic agent bettered the functional characteristics of yam bean tuber slices. However, further research is required to test the functional activity of anthocyanin impregnated in yam bean slices and to determine their sensorial properties. Table 4 . Page´s coefficients (K and n) for water loss (WL), solid gain (SG) and anthocyanin impregnated (ΔA) in yam bean tuber slices during osmotic drying for several temperatures (T), sucrose content (SC) and vacuum pulse (VP) applied. 
